www.oncotarget.com presentation is both aggressive and progresses rapidly, with 30% of patients having distant metastases at the time of diagnosis [4] . The median overall survival of women with IBC is less than 4 years [5] .
According to the Surveillance, Epidemiology, and End Results (SEER) 9 Registries from 1988-2000, though IBC accounted for only 2% of all breast cancer incidences, 7.0% of all breast cancer-specific deaths were due to IBC [6] . The American Cancer Society [7] , reports that IBC is more common in African American (AA) women with an incidence of 10%, compared to 6% in Caucasian women, and 5% in other ethnic groups. A trend analysis of SEER data indicates that the incidence of IBC in AA women is significantly higher than in White women, and that AA women have lower survival than Caucasian women with IBC or non-IBC breast cancer [8] . Biological explanations for racial disparity in survival of all breast cancer subtypes are needed to improve this prognosis disparity.
For improved detection and treatment of this disease, it is not only necessary to have a better understanding of IBC characteristics, but also to identify new biomarkers. Previous studies have reported HER2-(Human epidermal growth factor receptor type 2) positive status in nearly half of all newly diagnosed IBC [9, 10] , but few studies have identified HER2 receptor status as a prognostic factor. In 2008, Dawood, et al. [11] reported that HER2-positivity does not affect recurrence-free survival in IBC but that hazard of death is lower in HER2-positive IBC compared to HER2-negative IBC. Another study using the California Cancer Registry also reported HER2-positive IBC shows no statistically different breast-cancer specific-survival compared to HER2-negative IBC on unadjusted analysis, and that HER2-positive IBC has a slightly higher survival on adjusted analysis [12] .
It is believed that the major biological factor that impacts the aggressive nature of IBC is the propensity for angiogenesis of the metastatic cells [13] . Large tumor emboli are observed in dilated dermal lymph vessels, which is a pathologic hallmark of IBC [14] . In addition to dissemination of tumor cells via the bloodstream, studies demonstrated intense angiogenesis and lymphangiogenesis in IBC with increased angiogenic factors including fibroblast growth factor and vascular endothelial growth factor receptor-2 (VEGFR-2) [15, 16] . The identification of these hallmarks may be advantageous in biomarker development for screening and treatment decisions.
Aberrantly expressed homeobox genes in malignant cells are important regulators in the metastatic process [17] . Altered expression of HOX genes is associated with development of acute lymphocytic leukemia and acute myeloid leukemia [18] . Studies have shown the role of homeobox genes in solid tumors as well; CDX2, HOXA5, ALX3 and HOXA7 genes are aberrantly expressed in colorectal cancer [19] , breast cancer [20] , neuroblastoma [21] and epithelial ovarian cancer [22] , respectively. This study focuses on Distal-less homeobox 4 gene (DLX4), which was first isolated among other members of the Distal-less family from the human placenta, and is mapped to human chromosome 17q21.33 [23] . DLX4, also called BP1, is a transcription factor normally expressed during early development and differentiation [23] . Mutations in the gene have been associated with structural birth defects. A single sequence variant in the DLX4 gene has been implicated as causal in bilateral cleft lip/cleft palate in a single family [24] .
The DLX4 gene has two distinct splice variants, BP1 and DLX7, mapped to the same region on chromosome 17q21-22, that vary in their 5′ regions. BP1 is known to act as a putative repressor of human b-globulin, but splice variant DXL7 does not have any known repressor activity [25, 26] . They are both expressed in the myeloid lineage but distinct roles in leukemia have not been detailed [25] . It has been demonstrated that DLX4 is significantly expressed in prostate adenocarcinoma, with higher levels correlating with Ki-67 positive cells [27] . Earlier reports showed that over expression and/or gene amplification of the DLX4 gene may be associated with tumorigenesis in estrogen negative breast cancer [28, 29] . Interestingly, Man et al. [30] demonstrated that protein expression of DLX4 (referred to as BP-1), measured by immunohistochemistry (IHC), is significantly higher, both in intensity and percentage of cells, in IBC cases from the Inflammatory Breast Cancer Registry (IBCR) than in non-IBC cases. That study, showed that BP-1 protein levels were barely detectable in normal human breast tissues, while 21% of hyperplastic tissues, and 81% of invasive breast tissues showed high protein expression. The authors suggest that BP-1 may represent a signature marker for IBC and tumor aggression. However, here is no racial delineation provided for the subjects related to these compelling results [30] . In the present study, we aim to characterize DLX4 expression in IBC tissues from AA women. We used IHC to analyze DLX4 expression in both IBC tissues and in normal breast tissues from reduction mammoplasty, from AA women, while also looking at other clinic-pathological factors including Her2/Neu, estrogen receptor (ER) and progesterone receptor (PR) status.
results clinical characteristics of Ibc cohort
There were a total of 59 samples in the study: 30 normal breast tissue, or controls from Caucasian women, and 29 IBC cases, from AA patients. Characteristics of the IBC patients and tumors are presented in Table 1 . The median age was 59 years with a range of 32-82. Twentyeight of the 29 patients were female and 1 was male. 82.8% of the IBC cases were stage pT4 tumors while 17.2% of the tumors were stage pT1, pT2, or pT3. 75.9% of the samples were graded 3 and 24.1% were grades 1 or 2. For receptor and HER2 status: 69% (20/29) were ER-positive and 31% (9/29) were ER-negative; 41.4% (12/29) were PR-positive, and 58.6%(17/29) were PR-negative; 20.7% (6/29) were HER2-positive and 79.3% (23/29) were HER2-negative; finally, 13.8% (4/29) were triple negative (IBC cases that were ER, PR and HER2-negative were considered triple negative breast cancer (TNBC), and non-triple negative breast cancer if any marker was positive) ( Table 1 ). The 30 normal breast tissues from reduction mammoplasties and 29 IBC tissues were analyzed using IHC with a DLX4 variant 1 antibody. IHC results were assigned percentage and intensity score based on number of cells stained and intensity of positive staining, respectively.
Immunohistochemical findings
Negative and positive controls for the DLX4 antibodies, including a trial with PBS substituted for antibody on a FFPE-embedded human tonsil tissue are shown ( Figure 1A ). As a positive control, invasive moderately differentiated ductal carcinoma was stained with the DLX4 antibody. As expected, there was strong positive staining with a Nottingham score of 0.3 ( Figure 1B ). No DLX4 staining is seen in normal human fat tissue control (not shown).
Percentage scores were assigned as 0, 1 (0%-25%), 2 (26%-50%), 3 (51-75%), 4 (76%-100%). Intensity scores were assigned 0, 1+, 2+ and 3+. Representative images of DLX4 IHC staining are provided ( Figure 2 ). This includes negative staining (Figure 2A ), as well as 1+, 2+ and 3+ intensity on IBC tissues ( Figure 2B -2D, respectively), normal reduction mammoplasty not shown. Percent expression levels did not correlate with intensity of staining ( Figure 3 ). DLX4 comparative expression data for IBC and control tissues is provided ( 
older patients showed higher intensity staining of dlX4
We looked at associations of clinicopathology characteristics and DLX4 percent positivity (Table 3 ) and staining intensity (Table 4) . Most the IBC tissues (89%) showed positive staining for DLX4 (Table 3 , percent). There was no significant difference in age between low and high percent positivity DLX4 expression (median age: 57.0 in low expression, 59.8 in high expression, p = 0.389). There were no statistical associations between non-TNBC versus TNBC status and DLX4 expression (Table 3) . Interestingly, high staining intensity, indicating increased DLX4 expression, was associated with an older patient age in IBC (median age: 62.9 in high staining intensity, 52.0 in low staining intensity, p = 0.019) ( Table 4 ). There were no significant associations between DLX4 intensity and hormonal status. However, there was a statistically significant association between HER2 status and DLX4 intensity staining. 78.3% (18/23) of the HER2-negative IBC cases showed high DLX4 intensity, compared to 16.7% (1/6) in HER2 positive IBC cases (p < 0.05, Fisher's exact test) ( Table 4) .
dIscussIon
Although the mechanism and pathway of DLX4 and its involvement in IBC maintenance and progression remains unknown, it has been suggested to be a marker for tumor aggressiveness [12] . In this study, we observed that the percentage and intensity of DLX4 immunostaining is significantly greater in IBC tissues than in normal reduction breast mammoplasty tissues. This is a novel study looking at DLX4 in IBC breast tissues from an urban AA population that helps set the stage for further discussion and studies. Our findings are consistent with the previous reports that DLX4 is over-expressed in IBC [30] . Interestingly, our study also shows a significant association between HER2-negative status and high DLX4 positive protein expression-an association not previously reported. It is important to note that our cohort has very few HER2+ samples with only 20.7% (6 out of 29 IBC cases) being HER2-positive. Previous studies have reported a higher incidence of HER2 overexpression in IBC cases (52%) [21, 22] , though neither study reported HER2-positive status as a significant prognostic factor for survival in IBC patients. Furthermore, a study done using the California Cancer Registry Data also showed that higher IBC incidence rate is not dependent on HER2-status, as IBC patients had lower survival rates compared with other patients, regardless of HER2 positivity [29] .
A study of non-IBC Caucasian breast cancer lesions and metastases by Cavalli et al. [28] , used Fluorescent In Situ Hybridization (FISH) to show that at the DNA level HER2 and DXL4 gene expression are correlated. Torresan, et al.
[31] used a similar gene copy number approach to look at the 17q region in invasive carcinomas from a largely Caucasian population. The authors hypothesized that there was an association between amplification of HER2 and DLX4 in breast cancer since both HER2 and DLX4 genes are closely mapped on the long arm of human chromosome 17 but found no obvious gene coamplification between the two. These two studies suggest that increased DLX4 gene copy number is not associated with amplification of HER2, making the mechanism of gene amplification unknown. This suggests that other factors, such as DLX4 and microenvironment function are contributors.
The association between highly expressing DLX4 homeoprotein and ER-negative breast cancer remains controversial, although it was not a factor in our study. Fu, et al. [32] previously reported that DLX4 over expression may be associated with ER-negative breast cancer and shows induction of an aggressive phenotype when DLX4 is overexpressed in vitro. However, a more recent study on breast cancer cases in a South African population did not find any association between DLX4 with ER protein expression [33] . Our study on AA patient samples, did not show a significant difference in DLX4 expression levels in ER, or PR, negative tumors. Furthermore, there was no statistical difference in DLX4 expression levels in TNBC in our IBC samples from our urban AA population. We did show for the first time, that in this cohort higher expression of DXL4 homeoprotein is related to a later age of diagnosis. This study shows that increased expression of the DXL4 homeoprotein is independent of hormone receptor status and associated with HER2-negative IBC tumors of AA patients.
DLX4 has been shown to be a potentially useful marker for the aggressive breast cancer subtype, IBC. Investigations on this gene and protein product, however, have employed assays for different endpoints including FISH and DNA array for gene copy number [9, 21] RT-PCR for gene expression [9] and IHC and Western analysis [16, 20, 23] for protein expression. This lack of consistency makes direct comparisons between studies difficult. Reagents obtained from varying sources and home-brewed probes and antibodies are also described in these existing studies. If DXL4 has the potential to be used a biomarker in IBC and in other highly metastatic tumors, standardized methods would improve the ease of analysis.
Importantly, high DLX4 expression in IBC cases from an urban African-American population compared to normal breast tissue samples supports previous findings that DLX4 expression is higher in AA women than in Caucasian women [34] . Using this modification of the Allred scoring system [35] developed for scoring hormone receptors with high sensitivity and specificity, tumors from AA women can be looked at on a larger scale potentially identifying DLX4 as a valid biomarker. Though a difficult task due to the lack of specimens from non-Caucasian women, there is great potential for clinical applications, particularly if race and age are addressed as our findings preliminarily implicate both.
To our knowledge, our findings suggesting that higher DLX4 expression is associated with HER2-negative IBC is novel. This can be important for future studies, as HER2-positive status has been shown to be associated with improved outcomes in metastatic IBC [36] . Further mechanistic studies may reveal a direct, or indirect, association between DLX4 and HER2 in IBC.
Our findings from a targeted AA population, as well as HER2 and ER receptor status also supports the idea that determining the etiology of poor prognosis in IBC may be more complex or separate from the traditional markers that attribute risk. In IBC, molecular characteristics that combine to cause increased proliferation and angiogenesis may be causative factors rather than the traditional ideas of high incidence of ER-and HER2 status which serves to oversimplify the IBC profile.
MAterIAls And MetHods specimens
Anonymized formalin-fixed paraffin-embedded (FFPE) tissue blocks from well-characterized AfricanAmerican inflammatory breast cancer (IBC) cases (n = 29) were obtained from the Department of Pathology, Howard University Hospital in Washington, DC. Ethical approval was received from Howard University's Institutional Review Board for this study, IRB-15-CMED-53. The cases for this study were collected from 2006-2009 and were selected for further study based upon clinical diagnosis of IBC and availability of FFPE tissue blocks. Slides were graded according to the Nottingham grading system by a Board-Certified Pathologist (TN) [37] . Five µm thick sections were cut from study blocks, and areas of wellpreserved IBC in a Hematoxylin and Eosin (H&E) orienting slide from each block was marked for study and scoring after IHC. Normal breast tissue control slides of five µm were prepared from FFPE human breast tissue blocks (n = 30) from reduction mammoplasties from subjects with mixed ethnicity. There were no pathologic breast abnormalities. A Board-Certified Pathologist also examined these cases confirming that all were normal breast tissue. These slides were provided by the Georgetown University Medical Center Histology and Tissue Shared Resource (HTSR) in Washington, DC.
Immunohistochemistry
IHC was performed using the indirect method, as previously described [38] . The primary polyclonal antibody NB100-481 against the human BP1 (DLX4) variant 1 peptide was produced in rabbit from Novus Biologicals USA (Littleton, CO, USA) and previously used in BP-1 research by Fu et al. 2010 [32] and Stevenson et al. [39] . Hereafter the BP1 antibody will be referred to as DLX4. A horseradish peroxidase (HRP)-conjugated polyclonal goat anti-rabbit immunoglobulins secondary antibody from DAKO North America (Carpinteria, CA, USA) was used for detection. DLX4 antibody was applied at a 1:50 dilution with positive and negative controls included for each trial. Slides of invasive breast ductal carcinoma tissue and normal human tonsil tissue provided by HTSR of Georgetown University Medical Center were used as positive controls and negative controls for adjustment of antibody concentration. Specificity was further assured by antibody substitution with PBS. FFPE tissues were baked overnight at 60° C on a slide warmer and deparaffinized in two Xylene washes for 10 minutes each at room temperature. Ten minutes of incubation in 100% ethanol at room temperature was used a final fixative. Heat induced epitope retrieval (HIER) was performed in 10 mM sodium citrate, pH 6.0, at 100° C for 20 minutes. Exposure to 3% hydrogen peroxide (H 2 O 2 ) for 10 minutes at room temperature was used to prevent endogenous peroxidase activity. This was followed by washing in Tris-buffered saline plus 0.05% Tween 20 (TBST), pH 9.0. Ten% normal goat serum in TBST was applied to the sections for 10 minutes at room temperature to eliminate interactions with the goat-derived secondary antibodies. The sections were incubated with the rabbit polyclonal antibody to human DLX4 at a 1:70 dilution for an hour at room temperature. The sections were washed in TBST and treated with the horseradish peroxidase (HRP)-conjugated polyclonal goat anti-rabbit immunoglobulins secondary antibody for 30 minutes at room temperature, followed by washing three times in TBST at room temperature. The tissue-bound HRP-conjugated antibody was stained by 3, 3′-diaminobenzidine (DAB) for 5 minutes at room temperature. The sections were washed in deionized H 2 O and counterstained with hematoxylin for better visualization of the tissue morphology. The sections were then incubated in 1% ammonium hydroxide for 1 minute at room temperature.
scoring
IHC results were assigned an intensity and percentage score based upon both intensity of positive staining and number of stained cells, respectively. Percentage scores were assigned as 0, 1 (0%-25%), 2 (26%-50%), 3 (51%-75%) or 4 (76%-100%) and intensity scores were assigned 0, 1+, 2+ or 3+. The status 
Hormone-receptors and Her2/neu status
The data on estrogen receptor (ER), progesterone receptor (PR) and Human epidermal growth factor receptor type 2 (Her2/Neu) status of the IBC cases were obtained from medical and laboratory records provided by Howard University Hospital. Table 1 shows the characteristics of the patient group. The IBC cases were considered TNBC if the ER marker, the PR marker and HER2 status were negative, and as non-triple negative breast cancer if any marker was positive [40] . Both hormone receptor status and HER2 receptor status were available for all the IBC cases in this study.
statistical analysis
For the analysis of the protein expression (IHC), a percentage score of 3 or 4 was considered high, and the score of 0, 1 or 2 low. An intensity score of 2+ or 3+ was categorized as high, and the score of 0 or 1+ low. Chi-square or Fisher's exact tests were used to assess the association between grade expression and DLX4 expression (percentage and intensity), breast cancer clinicopathology findings (ER, PR, HER2, TNBC) and protein expression. Mann-Whitney U test were used to compare age between high and low groups of the DLX4 protein expression. All statistical analyses were conducted using IBM SPSS statistics 24 software (IBM Corp., Armonk, NY, USA). P-values of 0.05 or less were considered significant. 
Author contributions
Dr. Jaehong Jeong performed the laboratory work, performed the statistical analyses and prepared the manuscript. Dr. Tammey Naab, a pathologist, reviewed all the breast cancer slides for diagnosis, provided clinicopathologic data and tissue specimens, and reviewed the manuscript. Dr. Martin Ongkeko, a pathologist, read the IHC slides and provided images. Aileen Fernandez assisted with preparation and editing of the manuscript. Dr. Kepher Makambi served as statistical consultant for this study. Dr. Jan Blancato initiated the concept for the study, supervised the work, and assisted with manuscript preparation.
